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ABSTRACT
Fifteen genera of littoral marine fishes and two fresh water genera have been described as bearing a close semblance to various parts of plants. Except for members
of three orders, all are acanthopterygians. Each genus clearly represents an independent development. Seven of the genera show resemblances to plant parts as
adults and are represented by permanently small species, whereas 10 display such
1
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resemblances only when young. Eleven of these genera show similarities to floating
surface objects, and only six to attached bottom growths. The resemblances of
these 17 genera to plant parts are nearly equally divided between terrestrial plant
parts which regularly fall into the water (9) and vegetation of aquatic origin (8).
The special resemblance of the young of Chaetodipterus faber (Broussonet) of appropriate size to the infertile seed pods of the red mangrove, Rhizophora mangle, is
described for the first time. The pods are found in the sea at a time when the fish
are in this deceptive state. The association of the young fish, the mangrove pods
and the snail (Cerithium), all of about one size and all dull black as seen against a
background of light sand, presents considerable optical confusion.
Three non-venomous fish that allegedly mimic poisonous fish or sea-snakes are
also discussed.
As in most alleged instances of protective resemblance, the biological significance
of such developments is difficult to estimate. The discussion leads to a consideration
of the meaning and significance of the word "adaptation" and its current usage.

INTRODUCTION
Controversial concepts, such as "adaptation," "protective coloration" and "mimicry" and the real or fancied significance of such
peculiarities to the survival of species showing them, have been the
subject of many more or less analytical documents, especially in the
field of entomology. However, the literature on such features as
displayed by fishes is relatively scant. One possible reason is that
such expressions of development and behavior are poorly represented
in fishes. Another is that the comparatively great difficulty of making
field observations on fishes may merely make it appear that such
phenomena are rarer in this group than in the relatively more accessible
insects.
Some personal observations on fishes resulted in a search through
the literature for similar recorded items in order to obtain some measure
of the extent of such manifestations In fishes. The present contribution is a collation of these data, with a preliminary attempt to analyze
the possible significance of such phenomena in fishes insofar as the
present limited data permit. As a result of this study the author is
convinced that many further instances similar to those discussed will
be found in nature. Furthermore, many are probably still hidden in
the literature as notes which are not suggested by the titles. It is
hoped that this communication may at least stimulate others to obtain
and record further information from both sources. Hitherto unrecorded observations on the resemblance of a fish to a plant part serve
as an illustrative example, and are discussed in detail.
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The field work was carried out in 1942, under the aegis of the New
York Aquarium, at a field station located on Palmetto Key, Florida.
These field studies were greatly facilitated by the assistance of a local
commercial fisherman, Robert Spearing. The completion of the study
was performed in the Department of Animal Behavior of the American
Museum of Natural History. Valuable criticisms and suggestions
were given by G. E. Hutchinson, Daniel Merriman, Carl L. Hubbs,
Myron Gordon, M. D. Burkenroad and Captain J. W. Atz.
SPECIFIC RESEMBLANCES TO PLANT PARTS
Although many fishes are described as being obliteratively or protectively colored, or appear to be decorated with varied fringes or
appendages which vaguely resemble vegetative parts, few have been
thought of as actually resembling parts of plants in any great detail.
A search of the literature has revealed but 15 genera which have been
unequivocally so mentioned by various students; one additional genus
is discussed herein for the first time. The following series of descriptions, arranged in taxonomic order, have been compiled with regard to
"resemblance" as used in this sense.
ORDER HOLOSTEI
FAMILY LEPISOSTEIDAE. In a personal communication, Carl L.
Hubbs kindly supplied the following unpublished data on Lepisosteus
osseus oXyUTtLS (Rafinesque).
Soon after hatching the baby gars appear at the margins of Michigan lakes,
where they lie at or near the surface. They appear to be as stiff as the little
twigs and the leaflets of conifers among which they float and their sooty black
color matches that of the decaying wood tissue. Until they make occasional
darts the baby gars are hard to tell from the plant fragments and even these
actions simulate the movement of the twigs by wavelets. Although they are
only one to three centimeters long the plant-simulating gars feed on newlyhatched minnows. It is possible, therefore, that the resemblance has an
aggressive as well as a defensive value. Larger young lose this protective
resemblance.

By way of contrast, the present author has seen similar sized young
of the Florida form of Lepisosteus in the Everglades and at no time did
they impress him as resembling any details in the environment. Here
the shore litter is considerably different from that of the north woods.
These young fish, while darkish in color, could not be described as
black.

•
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ORDER SYNENTOGNATHI
FAMILY BELONIDAE. The young of Tylosurus raphidoma (Ranzani)
closely resemble short bits of plant stems. Gudger (1929) was apparently the first to mention this resemblance, which has also been
observed by the author both at the Dry Tortugas and at Palmetto
Key. Stems of an unidentified plant are abundant in the sea in the
former locality, and the fishes resemble these closely as to form, color
and size. When the dorsal fin begins to heighten and darken and the
mandibular lappets appear (BredeI', 1932), this resemblance largely
disappears, and although the fish are still readily overlooked, they
bear no great similarity to any particular plant structure.
The following notes on the behavior of a young T. raphidoma in
the "stick-fish" stage and that of the very different Strongylura
notata (Poey) were made at Palmetto Key. There were only one of
the former and several of the latter near the end of the laboratory
dock during this observation. The tide was ebbing rapidly and the
drift was being swept under the dock at a fast pace, with the pieces of
drift generally not more than two feet apart. The single strawcolored Tylosurus remained substantially in one position close to a bit
of drifting stem or weed that resembled the fish in general appearance
and size. As this object drifted toward the dock, but long before it
passed under it, the fish darted forward and settled near another
similar piece. In these movements it covered a swimming distance of
approximately one and one-half feet, after which it drifted back for a
similar distance before recovering its former position. The fi h was
about six inches long. It is not clear just what points of reference
the fish used. It may have been using the dock itself, which was the
nearest stationary object, although the fish was about three feet
upcurrent from the dock at its closest approach. Why it selected this
particular place is not evident. The whole performance may have
been a method of feeding, passing from one piece of drift to another
to take smaller fish or other organisms which sometimes hover under
such shelter and drift with it.
In sharp contrast was the behavior of a number of Strongylura
which remained together in a more or less loose aggregation as they
kept moving about actively in an area about 20 feet in diameter.
It is notable that this species is green as seen from above, not greatly
different from the color of the water at this place. The Tylosurus,
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which was close to the mean size of the Strongylura, occasionally made
movements as though to join the latter, but it never actually discontinued its association with the inert bits of trash.
These differences in the behavior of two such closely related forms
may be associated with the differences in what attracts the fishes.
Both are evidently impelled to draw close to objects of about their
own size and color, the one associating with inert bits of plants which
abound in the region, the other being attracted only to its own kind.
By no stretch of the imagination are there any plant fragments to be
found in this place which could be thought to look like Strongylura,
either in form, pose or color. Tylosurus acts in an "inert" manner
like a piece of broken plant, while Strongylura exhibits marked activity;
this difference is apparently associated with the social attitude of the
latter.
FAMILY HEMIRAMPHIDAE. According to Gilchrist (1917), the young
of H emiramphus calabaricus Gunther, when about an inch in length,
bear a most striking resemblance to broken bits of float1'ng weed of the
same size, which he tentatively referred to Zostera. Furthermore,
regarding their reactions when frightened, as by a moving shadow, he
wrote,
[They] at once became rigid and floated about in any position, apparently
in a quite helpless inanimate condition. They then so closely resembled
fragments of weed, which also floated about, that they could with difficulty
be distinguished from them, even by an observer of the transformation. This
similarity was increased by the characteristic colour of these small fish, which
was a dark green, very similar to that of the fragments of the weed. . . . The
fish when they have assumed the rigid condition, are not easily roused from
it, and can readily be caught by means of a hand net when in this state.

When they have reached a larger size and are capable of more vigorous
swimming this resemblance disappears, according to Gilchrist, which,
of course, it must on a basis of size alone.
FAMILY EXOCOETIDAE. Dr. Albert W. Herre of Stanford University
reports in a personal communication that he has mistaken young flying
fish for a flower (Barringtonia) floating on the surface of the sea; the
species of fish was Cypselurus nigripennis (Cuvier and Valenciennes),
and possibly C. spiluTus (Gunther) as well. He wrote,
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I was fishing by electric light, in Lembeh Strait, Celebes, and as the tide
bore debris out of inlets that extended back country for many miles, I saw
many blossoms of Barringtonia amid the flotsam and jetsam. This is a large
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tree that grows on sea beaches all over the Indo-Pacific Shores. I paid no
attention to them, but after a couple of hours I was astonished as I made a
dash at a little fish beside a blossom. The flower simply lifted itself out of
water and flew off. Then I realized that it was a young flying fish, one of the
"four-winged" kind. So after that I paid attention and secured a number of
young flying fish that simulated the flower of the Barringtonia as they floated
on the water with all their fins exrtended. The electric light shone upward
from beneath, so that the young fish looked like, and were about the same
size, as the large Barringtonia flowers.

These flowers are about two to three inches across. Herre doubts
that this effect might obtain naturally even in brilliant moonlight.
Thus it may be that the effect here described appears only under the
special conditions of a submerged light; if so it would hardly be suitable
for inclusion in this list. It is possible, however, that a fish, viewing
either such a blossom or fish from below, would find a deceptive
silhouette against a bright sky, similar but reversed to that which
Herre produced with his submarine light.
The author, having collected many young flying fishes in the western
Atlantic both by day and with a light at night, while aware that they
are frequently difficult to recognize amid various kinds of drift, has
never seen any which impressed him as resembling anything in particular, although it is easy to imagine that a floating blossom such as
that described by Herre could well supply the missing element.
ORDER LOPHOBRANCHII
FAMILY SYNGNATHIDAE. Specimens of Syngnathoides biaculeatus
(Bloch) deceived Smedley (1928) into thinking that they were the
leaves of the plant Enbalus koenigii Richard. He wrote, "The leaves
grow in twos or threes and when submerged rest at an angle of about
30°-40° 11 ; he added that minute straggling hydroids which have the
appearance of tufts of sandy hair adhere to the leaves of this plant.
In describing the deception, he wrote,
One apparent "leaf" proved on examination to be a specimen of the pipefish Syngnathoides biaculeatus (Bl.). On being stirred with a stick it took no
notice, apparently relying on the deceptive nature of its appearance; it was
indeed, some little time before I recognized its true character. . . . Its color
in life was grass green with tentacular appendages of a sandy color at intervals
on the ventral and lateral surfaces, helping to make the general appearance
more like that of the plant.

Schneider (1900), Poulton (1908) and Luther (1912) discussed
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Siphonostoma typhle (Linnaeus) and Nerophis ophidion (Linnaeus)
resting amid Zostera and other plants in an imitative posture. They
also discussed similar effective instances for Syngnathus, which seem
to grade off by step-like degrees into general resemblances such as
Nichols (1910) described for Siphonostoma pelagicum (Osbeck) in
reference to Sargassum. Marshall (1898) mentions such resemblances
in N erophis.
Although many of the species of Hippocampus show appendages and
branching growths more or less resembling the algae amid which
they are usually found, no one has described them in their entirety
as being easily mistaken for such a growth, in the sense here employed. In the genus Phyllopteryx the appendages are so extensive
as to fairly hide the fish, and practically all references to this genus
mention it as imitative to a high degree [see for example Gunther
(1865), Bouvier (1888), Vignon (1931)]. An examination of figures
and preserved material certainly indicates' that Phyllopteryx should be
included in this list. The full development of this feature appears to
reach its zenith in the adults where each fish, when attached by the
prehensile tail, appears practically as a complete plant in itself.

ORDER SCOMBROIDEI
FAMILY CARANGIDAE. Although the young of various carangids
are likely to be found swimming close to floating objects, such as driftwood or jellyfish, only one has been described as being easily mistaken
for something else. Breder (1942b) so described a young Oligoplites
saurus (Bloch and Schneider) of about 30 mm. on the mangrove coast
of western Florida. The only conspicuous leaves in the water were
those of Rhizophora. He wrote,
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They rest near the surface of the water, generally head-down or twisted in
such a manner as to somewhat resemble a half water-logged leaf and present
a most un-flsh-like appearance. Generally they are solitary or, at most, in
widely spaced groups of not more than three. In the water they seem to have
the color of a yellowish leaf, but on close inspection are seen to be of a brassy
silver or greenish brassy sheen. They drift motionless and allow a very
close approach but are alert and quite able to dart off suddenly and can easily
avoid a dip net.
One observation mentioned in the paper cited above may be of
considerable significance in connection with many phenomena of this
type.
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Three specimens were placed in a small aquarium which happened to contain a school of about a dozen Harengula macropthalma (Ranzani) [= H.
pensacolae Goode and Bean] of similar size. Within a few hours they had
become as silvery as the herrings and in a general way look somewhat like them.
The transfer to the aquarium had evidently broken up their curious leaf-like
drifting habit, which ... is readily di rupted. They swam about actively
in an ordinary carangid fashion and made some irregular desultory attempts
at schooling with the Harengula, but for most part kept to themselves as a
loose aggregation, never as a compact group.
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ORDER PERCOIDEI
FAMILY LOBOTIDAE. Although the author has not seen any very
young Lobotes surinamensis (Bloch), fishermen from the west coast
of Florida and the coast of North Carolina have mentioned repeatedly
the resemblance of these small fish to yellowed leaves. Their habit of
drifting at the surface, even when large and mostly black, as discussed
by Gudger (1931) and Baughman (1941), would certainly lend credence to this resemblance, to which, however, neither author made
reference. Both Hildebrand and Schroeder (1928) and Beebe and
Tee-Van (1928) also suggested this, the former having written,
Young fish are sometimes marked yellow and brown. A specimen observed
at Key West had the yellow and brown colors of an autumn leaf.

ORDER LABROIDEI
FAMILY POLYCENTRIDAE. This fresh-water family has produced a
species which greatly resembles a dead water-logged leaf, M onocirrhus
polyacanthus Heckel. This is a remarkable case which has been
mentioned by many, including Arnold (1912), Milewski (1914 a, b),
Eigenmann and Allen (1921, 1942), Norman (1931), Coates (1933)
and Cott (1940). Even in an aquarium the evident resemblance is
notable as to form, coloration and attitude. In the natural environment, where such objects as dead leaves are to be expected, the resemblance must be most striking. A similar, if distinct form, described
as M. mimaphyllus Eigenmann and Allen, is essentially the same in all
details of resemblance.
FAMILY LABRIDAE. The adult bright green species, Doratonotus
decoris Evermann and Marsh [= D. megalepis Gunther], was discussed
by BredeI' (1925) as follows:
The apparent irregular boundary of the dorsal, the completely transparent
nature of the distal margins of the vertical fins, the entire transparence of the
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pectorals and the full coloration of the ventrals gave them in life, an extremely
broken outline, so that they greatly resembled tom fragments of sea weed
[Ulva, or a closely related form). As they swam in the collecting pail, after
the manner of their family, slowly winging their way along by means of their
pectorals alone, which were perfectly invisible, and steering by their nearly
equally invisible caudal, the illusion was greatly enhanced, and were it not for
their irregular and erratic gyrations I might not have recognized them as
fish. Even when lifted in the hand the sense of touch was called in to supplement that of vision in definitely establishing the presence of the tail fin.
ORDER SQUAMIPENNES
FAMILY CHAETODIPTERIDAE (EPHIPPIDAE). This is the only
acanthopterygian family in which two genera have been noted to
resemble plant parts, but these do so in very different ways.
Leaf resemblance was ascribed to yearling Platax vespertilio Bloch
[= P. orbicularis (Forskll.l)] of two to three inches in depth from the
west coast of Ceylon by Willey (1904, 1909, 1911). He wrote (1904),
It is quite impossible to exaggerate its likeness to a leaf, and it is interesting
to learn that the native fishermen also recognize the similarity by calling the
fish koskolaya which means jak-Ieaf [Rhizophora).

His figure does not suggest a particularly good resemblance, but he
evidently had the same difficulty in rendering adequate illustrations
of the phenomena that the present author has also found. He wrote,
It is a case in which a marine fish resembles, almost to the point of distraction, a faded leaf. This may appear extremely improbable, and of course it
should be seen to be believed; . . . Only a carefully coloured drawing of the
living fish by an artist could do justice to its wonderful form.

In addition to its physical appearance the behavior is apparently
appropriate, for Willey wrote as follows in describing the capture of
one in a net.
I approached and seized the net, whereupon I saw a yellow jak leaf gently
and inertly sinking to the bottom. This is surely no unusual sight close
inshore, and I was about to turn away, when to my astonishment the leaf
righted itself and darted away. Efforts were then redoubled and the fish
secured and subsequently I sketched it alive to show as far as possible its
natural contour. . . . When a fish has a leaf-shaped and leaf-coloured body
and in addition has the unique habit of toppling over and feigning death when
pursued, it seems natural to conclude that it is a genuine example of protective
resemblance.
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Figure 1. Diagrammatic outlines of black objects related to the concealment of young
Chaetodipterus. A, B, C. Front, side and top views of a 12 mm. Chaetodipterus. The heavy
line encompasses the black silhouette, witbin which the details (shown in the figures) are
completely invisible in life. The dorsal. anal, caudal and pectoral fins, shown by fine lines,
are completely hyaline. D, E, F. Proximal, side and distal views of an infertile seed pod of
the red mangrove, Rhizophora manole. This object, as found in the surf, is completely and
uniformly dead black. G, H, I. Lower, oral end and top views of the snail, Cerithium
minimum neorescens Menke. This shell is so close to being completely black that its minor
markings cannot be readily distinguished without a hand lens,

Mortensen (1917) described Platax tiera (ForsUI) in similar terms,
presumably referring its similarity to the same plant,
Young specimens of Chaetodipterus faber (Broussonet), about 10 mm.
long, are present along the clear beaches on the west coast of Florida
during July and August. Although they are fairly numerous at this
time, their coloration, behavior and form make finding them particularly difficult. The reasons for this are rooted in the peculiar relationship between them and their surroundings. The most striking
feature in the appearance of the species in this locality, at least at
sizes from about 7 to 12 rum. (standard length), is its uniform jet-black

~ ,el')' r

chemical
~bich is
mm. anI
!pecimel
color\1'h
in grain
Earlier I
~ven hy

to the dl
In adl
mentatil
Plate II

fins are I

This is I
he bow
chasing
togethel

las iml
aquariu

1946]

Breder: Analysis of the Decept1've Resemblances of Fishes

11

pigmentation. This extends over the body and ventral fins, but
leaves the tail, posterior parts of the dorsal and anal and the pectorals
absolutely hyaline and invisible under ordinary conditions. Fig. 1 a,
b, and c shows this condition diagrammatically. Plate I A and B
shows two fish as seen along the shore, while Plate II A represents
several such specimens after they have been transferred to a white
bowl. This latter plate in no way does justice to their appearance as
seen in the sea. The transference to the bowl has caused several of
them to show a light bar on the nape as well as other fadings, which
are apparent only after they have been captured and handled. These
marks are prophetic of the changes to come at a later age, in nature,
when they begin passing out of the coal-black stage. On preservation
these markings become even more evident.
In this connection it is interesting to note an unusual color observation in Hildebrand and Cable's (1938) excellent description of the
young stages of this species which was apparently based entirely on
preserved material. These authors discussed a single black specimen
close to the size range at which our material normally contains individuals of this coloration, but they attributed the uniformity of pigmentation to faulty preservation. "The preserved specimen at hand
is very dark, apparently having become darkened by the action of a
chemical in the denatured alcohol used." This fish was 4.25 mm. long,
which is smaller than our smallest. Their next larger fish was nine
mm. and banded. From the present data it would appear that the
specimen preserved in denatured alcohol actually held its normal
color while the others had possibly faded. At least our material, both
in grain alcohol and formalin, faded noticeably within a month.
Earlier work on the development and life history of this species is
given by Ryder (1887) and H. M. Smith (1907), but they add nothing
to the details here under consideration.
In addition to not showing the intensity of the normal black pigmentation of fish in their natural environment, all the specimens in
Plate II A are in poses not common to the fish in nature, The pelvic
fins are folded much more closely to the body than is usual in the sea.
This is in part incidental to vigorous swimming within the confines of
the bowl, for the newly-caught fish are so pugnacious that they begin
chasing each other and fighting almost immediately when placed
together, usually damaging each other eventually. For this reason it
was impossible to confine successfully more than one at a time in an
aquarium. Plate II B shows individuals side-on in an aquarium.

_ _ _ _ _ _ _ _ _ _ _Jr-
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When seen in the sea they normally spread their large black pelvics
to their widest extent, which gives them a completely nonpiscine appearance, presenting at times even more extreme views than those
shown in Fig. 1. In such poses they approach the sandy beaches,
where they are frequently found about six inches from shore in water
about an inch deep. Here they allow themselves to be rolled back
and forth in the wavelets of these usually quiet inside waters. If the
water becomes sufficiently rough to make a little "surf," the fishes
simply move off to deeper water only to reappear when the water
becomes relatively quiet again. They always pick the whitest beach
available and have never been seen hovering over any of the dark
bottoms which are abundant in this region. Ordinarily it might be
supposed that they are especially conspicuous over the white sand;
that they are not appears in the detailed description which follows.
The white sand and shell on these beaches naturally form a striking
background for any black object. The small black Chaetodipterus are
thus perfectly visible, but nevertheless they are difficult to find. Their
concealment is not a matter of invisibility, but rather a confusion in
the visual pattern. This results from the pepper-like distribution of
two other equally black objects. At the time these fishes are in the
stage described, the red mangrove (Rhizophora mangle Linnaeus) has
finished blooming and the strange seeds still hanging on the parent
tree have already sprouted, as is their habit. 1 However, there are
always large numbers of seed pods which do not develop and which
are presumably infertile. These fall from the trees and in a short
time become a solid, dead black. Naturally many of these fall into the
water and sometimes form windrows along the beaches, although they
are not usually that abundant. Their actual physical form is shown
in Fig. 1 d, e and f. The details as here shown cannot be seen as they
float in a semi-waterlogged condition in the "surL" Outlines of them
as they appear under such conditions are given in Fig. 2. Here their
approximation to the appearance of the young fish is more evident.
This is enhanced by the fact that both roll in the "surf" in a closely
similar fashion. It should be evident that two such basically dissimilar
objects bear a strikingly close resemblance when seen merely as
silhouettes in the sea.
1 Sargent (1922) wrote of this species, "Flowers produced throughout the year."
Certainly on this particular island, however, there is a definite seasonal sequence in
its reproductive behavior, and Davis (1940) wrote that the seedlings mostly mature
during June, July and August in Florida.
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Plate 1. A. Photograph of yOlmg Chaelodiplerus faber (in circle) seen against the
background of its normal environment. B. Same view a few moments later showing
the fish in a different position. The snails are stationary in position and may be used
as points of reference.
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Plate II. A. Photographs of young Chaetodiptert/'s as seen in a light-colored
basin. Most of them show the white nuchal spot, a feature that becomes more intensified on capture. In the sea this spot is seldom seen, which suggests that it may
result from a fright reaction. B. Side view of young Chaetodipterus as seen in an
aquarium, taken with a synchronized flash, at 1/200 of a second, the fastest speed
available. The poor definition is the result of their remarkable restle sne sunder
such conditions.
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The entire deception is further enhanced by the scattering of a
small gastropod (Cerithium minimum negrescens Menke) which is
always found in this association. This snail, both shell and foot,
appears as black in life as the fish and pod. Its actual outline is
shown in Fig. 1 g, hand i, and the silhouette in Fig. 2. For the most
part these snails are attached to the bottom, crawling slowly over it.
Not infrequently they lose their hold, however, and then roll for a
long time before they are able to anchor themselves again. While
they clearly do not resemble the fish in form, and are also somewhat
larger, their greater distance from the observer reduces them to about
the same size. This gives the impression of spreading the variation of
form in all three objects. The optical effect is that of a white background with a peppering of small black spots of irregular outline of
nearly uniform size, some of which are stationary while others are
drifting aimlessly, the total effect being one that makes it difficult for
the observer to determine the identity of any single item. Even after
becoming cognizant of the situation it is almost impossible to be
certain whether the object is a fish or a seed pod. The snails are more
or less abundant throughout the year. However, there is a marked
synchronization between the size, stage and habit of the young
Chaetodipterus and the shedding of the infertile seed pods of the red
mangrove. Furthermore, by the time the young fish have passed
from this early stage and moved to deeper water most of the seed pods
have been cast ashore by high spring tides and have disappeared as a
prominent element in the "surf."
These fish clearly avoid darker bottoms which are strewn with all
manner of organic debris. When the fish are frightened and pursued
they pass over such areas as fast as possible and come to rest on a
light colored area. This difference in bottom is evident in the photographs of Plate I A and B, which were taken at the edge of a light
area so as to show both the light and dark bottoms.
A most interesting point is that Chaetodipterus has a greater spawning range than the natural range of the red mangrove; young fish in
the stage discussed are to be found in locations other than this type of
habitat. The young stages are taken on the coast of North Carolina
(Hildebrand and Cable, 1938) and M. D. Burkenroad (personal communication) recalls them as not uncommon about the piling in the
Mississippi Sound at only slightly larger sizes. The fact that Hildebrand and Cable found but one black specimen raises the question as
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to whether this fully black phase is commonly complete only in the
mangrove areas. The possible significance of this point is treated in
the Discussion.
ORDER SCORPAENOIDEI
FAMILY CYCLOPTERIDAE. After discussing the similarities of some
fishes to their environment, together with their hiding proclivities,
W. A. Smith (1893) wrote as follows concerning Cyclopterus lumpus
Linnaeus.
Perhaps the simplest and most interesting examples of such imitation is to
be found in the young of the lumpsucker, Cyclopterus lumpus, a little greenishblue creature without any great activity. Besides its similarity in colouring
to the olive-green seaweed amongst which it dwells, I have been struck with
its protective similarity in another direction. At low water on Loch Creran
I have seen the young in multitudes, when the capsules were being thrown
from the seaweed, hovering about these, and making no effort to escape,
further than dodging along side one of the capsules which was the exact
counterpart of itself, both in size and general tone of coloring. It required
a very sharp eye to note the difference; and, indeed when some scores were
mixed up together, it became next to impossible to distinguish the living fish
from the Alga. Their movement was a quick jerk, and then quiet, when
moving from point to point.

,

,

Smith accompanies this description with a rather convincing linecut of the fish and the capsules. Unfortunately it is not clear just
what species or vegetative structure is referred to as a "capsule," nor
has it been possible to further identify this item. Clearly this resemblance most nearly approaches in principle that of Chaetodipterus to
Rhizophora seed pods. The plant parts involved are perhaps roughly
analogous and appear in the water for only part of the year at a time
coincidental with a definite young stage of the fish.
ichols and Breder (1926) wrote as follows concerning the young
of this species on the American coast.
Off the coast of New England the surface of the green water is dotted with
drifting fragments or larger masses of yellowish rockweed, frequently mixed
with a little eelgrass, much as the warm blue ocean waters further east are
handling, as well as confinement in the bowl, induces rapid swimming which makes them keep
the large pelvic fins relatively folded. thus more or less "streamlining" the whole outline.
Rows C, D. Abortive seed pods of the red mangrove. Rows E, F. Snails, Cerithium minimum negrescens Menke, wbich form a checkered background for the other two objects.
Since they rest on the bottom and are a little further from the observer than the fish or seed
pods. they appear to be about the same size. Distance perception under tbese conditions is
vague or practically absent, and these snails merge optically with tbe other nearer objects.
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dotted with sargassum. On the Maine coast in August it is interesting to
find young lumpfish, an inch more or less in total length, hiding in this drifting
weed, and to compare their concealing color with that of the mouse-fish of the
Gulf Stream. Unlike the color of the mouse-fish, that of the young lump-fish,
is higWy variable, usually olive green, sometimes dark purplish, occasionally
mottled grey. They have pale spots and bands anteriorly, usually more or
less whitish or silvery and tinged with blue; such a band from the snout
through the eye to the corner of the opercle, another between the eyes across
the top of the head, and two short ones back of the gill cleft being pretty
constant. There are apt to be pale spots on the sides, a reddish tinge posteriorly and on the fins. The eye is usually pink. If one examines details of
the weed, bits will be found to match even the uniform dark purplish individuals. Possibly that this environment is with the lump-fish a temporary one,
has something to do with the variety of its colors; possibly there is a greater
range of color in rock than in gulf weed, and a standard low visibility pattern
less possible. Bright marks, found also in mouse-fish, pelagic pipefish, and
young of the yellow-jack, would seem to be an important feature in such a
pattern.

Afjgur
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ORDER PLECTOGNATHI
FAMILY MONACANTHIDAE. Only one species in this group seems
worthy of inclusion in the present list, but it should be mentioned
that there are a number of dubious cases which appeal to the author
as being in the category of chance resemblances. Thus the author
has taken the bright green Monacanthus hispidus with Ulva and the
equally green Lactophrys sp. with Valonia; Gordon (1937) wrote of
being deceived by young Lactophrys. There is the possibility that
these should be included here. However, detailed reasons for their
omission are presented in the Discussion.
Beebe (1928) wrote as follows regarding Alutera in the young
elongate stage.
One of my first observations had to do with a common triggerfish, Alutera,
of which I had taken many specimens, but had no clue to the cause of its
shape and color. The solution came quickly as I watched, for one of these
triggerfish swam toward me, and turned head downward when he reached a
small clump of eel-grass.
He took hold of a bit of coral with his sucker mouth and immediately set
both vertical fins in gentle, undulatory motion, the other fins, especially the
long caudal, being furled, so that the general body shape was tapering, which,
together with the mottled green color, transformed it into a sea-weed frond or
eel-grass blade. Now and then the fish revolved on its base without letting
go. The trigger spine, slightly elevated, conveyed the impression of a bit of
shredded tissue. An additional aid in the deception was the considerable
variation of color in these fish, shifting from plain dark cedar green to a mottled
greyish or greenish white. . .
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A figure is given showing three of these fishes standing on their heads
amid a bed of Thalassia in the manner described. In another publication (Beebe and Tee-Van, 1928) the species in question is referred to as
Ceratacanthus schoepji (Walbaum).
It is interesting that in connection with the same species, under the
name Alutera schoepji, Longley and Hildebrand (1941) wrote as follows,
A specimen a foot long, believed to be of this species, was seen on the flats
just east of Bird Key Harbor. It "floated" head downward with snout at the
bottom and "drifted" slowly along, propelled by dorsal and anal fins only.
The young are common in floating Sargassum, and were found occasionally
also in the waste of the tern rookery.

Specimens of various sizes have been noted feeding or apparently
looking for food in this manner in the tanks of the old New York
Aquarium. This association presents a questionable situation in
which the individuals perhaps wander accidentally into ground where
biding is automatic; such activity is probably based on feeding or
other habits. It is also evident that active predation by terns takes
place when this species is near the surface, as noted by BredeI' (1932).
Another point in this connection is that of the locomotor problems in
these fishes, as discussed by BredeI' and Harris (1935) and by BredeI'
(1942 a).
ORDER BLENNIOIDEI
FAMILY CLINIDAE.
The species H eterostichus rostratus Girard has
been described by Holder (1907, 1910) and Holder and Jordan (1909)
as greatly resembling the kelp amid which it lives. This has been
confirmed subsequently by Hubbs (1920), who wrote:

This blenny is one of the fishes characteristic of the belt of gigantic kelp
(Macrocystis) which, along the coast of Southern California, grows in profuse
beds in about ten fathoms of water. In form and color, and even in habits,
the fish so closely resembles the "leaves" of the kelp as to be scarcely distinguishable from them. The thin body has the approximate form and proportions of the kelp thalli, and the long vertical fins of the fish might pass for
their crinkled edges. While not as large as the average blade of kelp, this
species is much larger than any of its near relatives. The .us~~l color developed is the counterpart of that of the kelp. These peculianties of form,
size and color, considered by themselves, might well be construed as concealing
protective, but when the correlated habits of t~e fish are. tak~n ~to account,
even the most skeptical could hardly deny their protective sigmficance.
These blennies live along the great strands of kelp, one or two sometimes
accompanying a plant, when, loosened from its anchorage, it floats toward

_ _ _ _ _ _ _ _ _ _""'t.,-
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shore. The female according to Holder, constructs a nest in the kelp during
the process of laying the eggs, which the male fearlessly guards. They feed
upon the invertebrates (chiefly crustaceans) of the kelp, and seldom wander
even a few feet from the plant. They have even been observed (first by
Holder, whose observations the writer has independently confirmed) poised
vertically downward about the kelp, gently swaying their bodies back and
forth, as the currents wave the blades of kelp.
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GENERAL RESEMBLANCES TO PLANT PARTS

There is no hard and fast line in the division between a marked
resemblance and merely a slight similarity. Mortensen's (1917)
descriptions and photograph of a variety of young fishes amid bits of
broken drift wood and fragments in the Bay of Panama illustrate
this point.
The resemblance of the young fishes to the wooden fragments among which
they swim, simply amazing in its perfectness, must undoubtedly afford an
excellent protection against sea-birds. and I should think it would be equally
difficult for any enemy (fish, sea-snake or anything else) to find them from
below.
It is particularly noticeable that it is not one species that has adopted this
habit of swimming and floating among wooden fragments. I have found
several species to do this, belonging to widely different genera. By far the
most numerous of them are Serranids, and these are the most perfectly disguised. Monacanthids and a species of Telrodon are also among them.
Also the young A 1Llosloma must be included in this type of protective
resemblance; not that it looks exactly like the wooden fragments, but it
looks like pieces of old withered straw, which are found in the same way among
the wooden fragments. Further the young Dactyloplerus has some resemblance to the wooden fragments, but this is not so perfect as in the case
mentioned above.
N one of these species is included in the present list since the fish do not
bear sufficient resemblance to any specific structure to be so classified.
Various species of Pediculati, especially Histrio (Pterophryne) and
Antennarius, have been likened to Sa1'gassum or other algae, The
resemblance here, although certainly deceptive, is hardly sufficient to
merit inclusion in the present list under the conditions outlined in the
early part of this paper. See for example Bouvier (1888), I ves (1889)
and Vignon (1931). Vignon (1931) discussed resemblances to such
details as the epizootic fauna of Sargassum, specifically mentioning
Spirorbis, while Gordon (1938) discussed in general terms the resemblance of the fish to the totality of the weed and its inhabitants. It is
possible that this form should actually be included in the list. Hubbs
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(1941) discussed at some length the association of color and pattern
with the environment in various species of adult fishes and in the
developmental stages of others. However, the forms he mentions
come under general resemblances rather than the close approximations
mentioned specifically in the preceding list.
MIMICRY

:t: In ~

.; l!li

As already indicated, many fishes resemble the general bottom or
similar backgrounds. This widespread phenomenon has been excluded from the present discussion. Quite apart from resemblances to
definite plant parts, there is also the matter of the supposed mimicry
by fishes of other animals, including members of their own class.
Here, however, the confusion with independent convergences and
parallelisms is such that it is extremely difficult to isolate bone fide
instances of mimicry. Only three cases of fishes allegedly mimicking
fishes seem worthy of comment here. Moenkhaus (1895) suggested
that the darters, Etheostoma and related genera, might derive some
benefit from their general resemblance to the more spiny Cottus. It
seems more plausible, however, to consider this a case of simple convergence in which bottom living forms in flowing water show similar
developments in the same environment, including bottom matching
patterns of a similar order. More convincing is the account by Masterman (1908) and Anonymous (1908) of the elongate, darkened pectoral
of the sole, Solea vulgaris Quensel [= Solea solea (Linnaeus)), as a mimic
of the poisonous, black-flagged dorsal of the similarly partly-buried
weavers, Trachinus draco Linnaeus and T. vipera Cuvier and Valenciennes. This flounder carries its black pectoral in an erect position
in a manner unlike other related species. Another account which
carries some conviction is that by Whitley (1935) regarding the
percoid Antrogenys vaigiensis (Quoy and Gaimard), which resembles
the poisonous spined scorpaenid Sebastapistes bynaensis laotale Jordan
and Seale. Other vaguer resemblances mentioned by this writer are
not particularly impressive.
A possible example of a fish mimicking a reptile is found in the eel,
Ophichthys colubrinus (Boddaert) [= Myrichthys colubrinus (Boddaert)), which is marked with a pattern similar to that of the sea snake,
Platurus colubrinus Schneider. According to Schnee (1905), who
figured both comparatively, these species are blue and banded with
encircling dark intervals. The supposition is that the eel, which
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presumably behaves somewhat like the poisonous snake, derives some
protection from looking rather like it in form, color and pattern.
This situation could conceivably form the basis of a valuable field
study.
Considered in connection with the extensive literature on mimicry,
mostly entomological, it is clear that the cases of resemblances to the
parts of plants discussed in the present paper are included in what
Poulton (1908) called special procrypsis. The possible mimicries of
poisonous fish or sea-snakes by non-venomous fish are referable to
pseudaposematism, or Batesian mimicry. Instances which might be
referable to synaposematism, or Mullerian mimicry, evidently have not
been reported for fishes, but it might pay to examine the many cases
of parallelism and convergence in fishes critically in this connection.
It is conceivable that the eel and sea snake situation might be included
in this category, or even that the snake might be a mimic of the eel,
since the latter are far from defenseless and since both groups have
numerous brightly colored species which no one has considered to be
mimetic.
ADAPTATION

Such a discussion as the present one inevitably leads to a consideration of the commonly employed word "adaptation." This word has
been used in so many ways by various authors that it has become
generally unsatisfactory. The term was at least comprehensible so
long as it was used to indicate a condition that was considered by the
author as having arisen by some selective or other means to aid the
animal in its survival. Present day extension of the word to cover
practically every definable item of an organism that is involved or
supposed to be involved in its ability to live at all, leads to such
statements as that of Huxley (1942) in concluding his discussion of
"adaptation." He wrote, "We need not continue the list: it would be
almost coterminous with the data of comparative physiology and
physiological ecology."
Huxley, among others, also employs such expressions as "preadaptation" and "relict adaptation."2 "Preadaptation" is thought of as a
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structure, function or habit which exists but has no adaptive value,
thus being either neutral or deleterious, until some environmental
change fits it and it becomes of positive value to its possessor, when it
becomes an "adaptation."3 As illustrative material, Huxley stated,
"The spread of man favored that of organisms preadapted to be commensal or semi-parasitic on him or his crops like house-sparrow, rat,
house-martin, or 'weeds' in general." A similar example which might
be included is one in which man acquires a more personal interest in
such animals as dogs, canaries or guppies, which, as a result, have
certainly shown a considerable geographic spread and a possible
increase in number. As a part of the controlling environment, a man
tending an aquarium of guppies is certainly not basically different
from controlling factors in other environments. "Relict adaptations"
are, on the other hand, those which are no longer useful and are thus
no longer "adaptations." To this comparable comments might be
made.
It would thus appear that the word "adaptation" has been so broadened as to lose exact meaning, so that unless a more restricted definition can be established it is probably best to relegate it to that class of
generally unused terms which do more to obfuscate than to clarify.
In order to attempt to avoid the implied knowledge of how a condition arose, the author, among many others, has frequently used the
word "specialization" for a condition in which a form differs in some
particular feature from other organisms which are otherwise similar
to it. According to Webster, however, this is not good usage either. 4
Aside from the fact that "differentiation" is called "adaptation" by
Webster, the word might be picked out alone for non-subjective usage.
However, Webster defines "differentiation" as follows: "Eiol. Modification of different parts of the body for performance of particular
operation of the laws of heredity, although the resulting characters may be similar."
Probably no biologist would be willing to accept this in its entirety.
3 Preadaptation, according to the same dictionary, is defined as follows.
"Adaptation prior in time to some specified change or condition specif. Bioi., adaptation
(sense 2 b) which predisposes an organism for a specific environment." Again, this
would hardly be agreeable to most biologists.
4 Webster defines "specialization" as "BioI. a Adaptation in the structure of a part
to the performance of some particular function; differentiation, esp. when tending
toward greatly increased efficiency in one function at the expense of most other
functions. b Adaptation in the structure of an entire organism for life in particular
surroundings, or for particular habits."
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functions; specialization of parts or organs." Here one is referred
back to specialization; otherwise the definition is clearly subjective.
"Modification" is defined as follows: "Biol. A noninheritable change
in an organism caused by the influence of its environment." Simpson
(1944) wrote,
. . . the concept of specialization is both complex and vague. . . for
present purposes it suffices to consider specialization, not as distance from a
defined primitive condition or postulated point of departure and not as
intensity of adaptation, but as specificity of adaptation or inverse width of
the zone of tolerance.

All of this implies that both biologists and lexicographers use these
words in a strictly subjective manner. Since the whole problem is so
intrinsically difficult in regard to subject matter, it is evident that the
words used do not aid in clarifying the situation. Perhaps it is too
late to establish acceptable definitions for these words which have
become so vague and nonobjective and which have such various,
though always subjective, connotations. In addition to the evident
general confusion on the usage of "adaptation," as indicated above,
the word is also used in still other ways. Elementary text-books
frequently consider the term as a fundamental property of protoplasm,
using it to mean "capable of physiological response." Physiologists
use the word in connnection with sense organs as meaning "entering a
state in which no further response is given." Possibly a whole new
set of terms should be designed in order to adequately discuss such
problems. Huxley defends his various usages as biological "shorthand" to avoid undue and cumbersome circumlocution. The present
author is in agreement with this viewpoint only when there is no
danger of confu ion, which is certainly not the case here.
Simpson (1944) discussed at considerable length the implications of
such concepts by whatever terms and meaning of terms one elects to
establish; he goes far in cutting through the general fog that has come
to invest the entire problem. He noted that Parr (1926) had used
the expressions ". . . prospective and real functions of organism and
environment." Adding to this some such term as "retrospective
functions," there are thus available three terms covering preadaptation, adaptation and postadaptation, but lacking their subjective
connotations. Obviously "functions," as here used, could be thought
of as useful, neutral or deleterious until the specific nature of a function in any of its temporal conditions (prospective, real or retrospective) could be established.
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DISCUSSION
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No matter what disposition one wishes to make of the various ideas
concerning protective coloration, mimicry and the significance of
such matters, it must be obvious to anyone who has done even a
modicum of field work that some fishes are more difficult to see than
others, Since man must be considered an enemy and predator of
fishes, it seems reasonable to suppose that this fact is of some value to
individual fishes which are not readily seen by him. This is true in
spite of the fact that many of man's current fishing methods are not
dependent on the visual perception of the object sought before capture
(i, e., angling in deep or muddy water, seining, dredging, etc.); before
such mechanical aids were devised, vision undoubtedly played a
much more important part in the capture of fishes by man. As a
case in point, it was not until his fifth year of work at Palmetto Key
that the author first became aware of the presence of the small Chaetodipterus herein described, and of the young leaf-like Oligoplites,
Both species were taken the first year in sizes slightly larger than
these early stages. Thus it seems established that at least one such
predator, who is supposed to have some special competence in field
and aquarium observation, has been successfully deceived. In fact,
the whole theory and practice of camouflage is based on such considerations as is pointed out by Friedmann (1944).
Those who wish to make this a special case on the basis of differences
between human eyes and those of other predators are referred to Walls
(1942). Two of the chief predators with which such fish have to contend are birds and other teleosts, both of which have color vision
that is approximately of the same range as that of man. Thus it
follows that the retinal images of the three groups are not completely
dissimilar in this respect. Other optical considerations, such as angle
of vision, subjective reconstruction, etc., while of varied importance to
their owners, do not seem to be of great relative significance in reference to the retinal details of form and color in these groups. Undoubtedly the bird's eye is more acutely sensitive to fine discriminations, and both piscivorous birds and fishes are helped by daily practice, but on the other hand they are not endowed with a brain comparable to that of man, as Walls points out in considerable detail.
Consequently, there is no valid reason for assuming that such nonhuman fish catchers are not also deceived to a greater or lesser extent
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by these devices. Cott (1940) gives extended data on the large
number of similar resemblances in animals, while perhaps the most
convincing experiments on the protective value of coloration are those
of Popham (1942, 1944) who worked on a corixid.
It must be further borne in mind that the particular resemblances
here discussed are of a very special class, and that the so-called protective resemblances of fishes are extensive and included in nearly
every group. Of course it does not follow that a fish (or other animal)
must bear a particular resemblance to anyone thing to be difficult to
find, as is carefully pointed out by Huxley (1942) and Cott (1940).
It often suffices for them to resemble the general bottom or other
broad items of their environment, e. g., Lophius, Antennarius, Synanceja, Pterophyllum, Orectolobus, and flounders generally." The list of
species could be greatly extended without mentioning the countershading which is exhibited by almost all fishes that are exposed to
light. The forms under present discussion may be thought of as
highly developed extremes of this sort of manifestation. There is
probably no sharply defined break in such a series and as a consequence
the list here given in Table I is of necessity somewhat arbitrary. Furthermore, it is unlikely that any two observers would agree that a particular fish resembles a plant part to an exactly equivalent degree.
This would surely be based partly on the discrimination, experience
and conditioning of the observer, and even more important, on the
exact circumstances and environment in which the observations happened to be made [see remarks under "Order Plectognathi" (p. 18)
and "General Resemblances" (p. 20)].
Clearly, then, the list of fishes in Table I is composed of forms
which either actually confused this particular author or which he
thinks may have been confusing to an approximately equivalent
degree to other observers. That the table is not purely arbitrary,
however, nor merely the whim of the compiler, becomes evident when
the elements inherent in the constitution of the plant-resemblers are
taken under consideration. The features that account for the deceptions which are considered suitable for this table may be broken down
into separate items which, when clearly present, separate these fishes
from others that merely show resemblances to the general background.
The phrase "general resemblance" usually can be taken to indicate
See for example Sumner (1911), Mortensen (1917), McCulloch (1925), Norman
(1931), Gordon (1937, 1938), Cott (1940), Hubbs (1941) and Whitley (1943).
5
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L,ST OF SPECIES SHOWING ALLEGED PROTECTIVE RESEMBLANCES TO
PLANT PARTS

Species

Age

Plant Part

First Source

ORDER HOLGSTEI
FAMILY LEPIB081'EIDAE

Lepisosteus osseus (Linnaeus)

Young .. Twigs (Conifers)

Hubbs (in lit.)

Young .. Leaf stem

Gudger (1929)

ORDER SYNENTOGNATHI
FAMILY BELONIDAE

Ty/osurus raphidoma (Ranzani)
FAMILY HEMIRAMPHIDAE

Hemiramphus calabaricus GUnther.Young .. Leaf (Zostera?)

Gilchrist (1917)

FAMILY EXOCOETIDAE

Cypselurus nigripennis
(Cuv. & VaL)
Young Flower (Barringtonia)
Cypselurus spi!urus (GUnther)? .. Young .. Flower (Barringtonia)

Herre (in lit.)
Herre (in lit.)

ORDER LOPHOBRANCHII
FAMILY SYNGNATHIDAE

Syngnathoides biaculeatus (Bloch) .. Adult
Siphonostoma typhle (Linnaeus)
Adult
Nerophis ophidion (Linnaeus)
Adult
Phyllopteryx foliatus (Shaw)
Adult
Phyllopteryx eques GUnther
Adult

Leaf (Enbalus)
Leaf (Zostera)
Leaf (Zostera)
Thallus (Algae)
Thallus (Algae)

Smedley (1928)
Schneider (1900)
Schneider (1900)
GUnther (1865)
GUnther (1865)

ORDER SCOMBROIDEI
FAMILY CARANGIDAE

Oligoplites saurus
(Bloch & Schneider) .....•..... Young .. Leaf (Rhizophora)

Breder (1942b)

ORDER PERCOIDEI
FAMILY LOBOTIDAE

Lobotes surinamensis (Bloch)

Young .. Leaf

Original

ORDER LABROIDEI
FAMILY POLYCENTRIDAE

Manocirrhus polyacanthus HeckeL. Adult

Leaf

Arnold (1912)

FAMILY LABRIDAE

Doratanotus megalepis GUnther .... Adult ... Thallus fragment (Ulva) Breder (1925)
ORDER SQU AMIPENNE8
FAMILY CHAETODIPTERIDAE
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Chaetodipterus faber (Broussonet) .. Young .. Seed-pod (Rhizophora)
Platax orbicularis (Forskal)
Young .. Leaf (Rhizophora)
Platax tiera (Forskal)
Adult
Leaf (Rhizophora?)

Original
Willey (1904)
Mortensen (1917)

ORDER SCORPAENOIDEI
FAMILY CYCLOPTERIDAE .

Cyc!opterus lumpus Linnaeus ..... Young .. Algal "Capsule" sp.? ... Smith (1893)
ORDER PLECTOGNATHI
FAMILY MONACANTHIDAE

A/utera schoepji (Walbaum)

Young .. Leaf (Thallassia)

Beebe (1928)

ORDER BLENNIOIDEI
FAMILY CLINIDAE

Heterostichus rostratus Girard ..... Adult ... Thallus (Macrocystis) . .. Holder (1907)

that one or more of the constituent items, here considered essential to
the phenomenon, are absent. Eigenmann and Allen (1942) gave an
interesting diagrammatic analysis of these features. It is reproduced
below. Their particular use of the word "mimicry" in this connection
has already been noted (p. 8).
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Protective form. . . . .. }
Protective resemblance
Protective coloration.. .

} Mimicry
Protective behavior ...

For present purposes, however, it is preferable to carry the relevant
details of such an analysis to greater refinement, a pursuit that should
be extended as far as possible in the present vague stage of analysis.
Such a tabulation should include at least the items given in Table II.
Terms differing from those used by Eigenmann and Allen are used in
this enlarged and extended tabulation in an effort to avoid subjective
implications as far as possible. The terms of Eigenmann and Allen
are added in parentheses where their usage is parallel to that of the
present paper. Definitions and explanations of the four primary
items listed in Table II follow.
1. Color. The colors of both fish and object must be indistinguishable at least to other animals with a color vision such as that possessed
by birds and teleosts, and perhaps to animals without color vision
also; except for the primates, most, if not all, mammals are among
these. The agreement between fish and object must be clear in regard
to all three of the following items: (a) hue, (b) saturation and (c)
brightness. This implies a general ability on the part of the fishes to
change color to match the immediate surroundings closely. The
actual optical effects obtained by animals without color vision are
complicated; before any positive conclusion can be reached much
more must be known about the visual mechanisms of particular
species as well as about the differences in the spectral quality of light
received from fish and object by the observing eye. 6 When other
light ranges (e. g., ultra-violet) enter into the problem, as in the vision
of at least some insects, objects which appear similar sometimes become sharply distinct. No data are known to this author regarding
the sensory mechanics of predation in such large piscivorous insects as
Belostoma or their spectral limitations of vision.
2. Pattern. The details of the pattern of the animal must bear a
deceptive similarity to that of the object which it is thought to resemble. In this it may vary from a completely uniform surface to extremely complicated patterns. The complicated pattern is obvious;
but a completely uniform surface may be considered as either the
'See Walls (1942) and Judd (1943) for a discussion of this matter.
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(Protective
coloration)

Resemblance due to
all PHYSICAL
ATTRIBUTES

}
.....••••.•........................

(Mimicry)

Resemblance due to
STATIC ATTRIBUTES

phrases incUcate the usage or Eigenmann and Allen (1942).

ii. Extrinsic

M~~e;::~~SiC}'................•....................•............•..............

* Parenthetical

b.

a. Posturing

4. Resemblance due to BEHAVIOR
(Protective behavior)

(Protective
resemblance)
3. Resemblance due to FORM ..........•..••..........
(Protective form)

2. Resemblance due to PATTERN

b. Saturation
c. Brightness

a. Hue
Resemblance due to
SURFACE
ATTRIBUTES

(Mimicry)

Resemblance due to
DYNAMIC
ATTRIBUTES

ANALYSIS OF ATTRIBUTES NECESSARY FOR ALLEOED PROTECTIVE RESEMBLANCES·

1. Resemblance due to COLOR
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zero or infinite degree of pattern, with "zero" being so coarse that one
element of the pattern covers the entire fish, while in "infinity" the
details are so fine that they produce an effect of uniformity, as in a
half-tone print. The uniform pattern is represented by such fish as
Lepisosteus, Doratonotus and Chaetodipterus herein discussed, while
very complicated matching patterns are found in flounders, some of
which have been studied in great detail by Mast (1916). Generally
implied in this connection is an ability to change pattern through a
considerable range with greater or lesser rapidity; this is certainly the
common property of nearly, if not all, species here discussed.
3. Form. The visible outline must be analogous, in a geometrical
sense, to the object of resemblance, both in terms of its proportional
parts and in terms of absolute size. Species which merely have tabs
of skin, or partial approximation to the required form are here considered only as showing general resemblances and are excluded from
Table I.
4. Behavior. This item may be broken down into its elements as
follows. (a) Posturing. The positions assumed by the fish must be
appropriate. Such inert posturing is exhibited by Oligoplites and
Monocirrhus. (b) Movement. Associated with posturing are actual
movements which further enhance resemblances. They may be
either (i) intrinsic, where actual muscular effort is employed for the
purpose (as in H eterostichus) or (ii) extrinsic, where external influences
cause movements which are not resisted by the animals (as in Chaetodipterus). Related to such behavior is the fact that fishes of this type
regularly seek out places on which they become hidden. A clump of
sargasso weed dropped into an aquarium containing a Pterophryne
will be immediately and suitably appropriated by the fish. Mast
(1916) established that flounders, despite their great ability to match a
variety of bottoms, will, if given a choice, settle on a bottom most
nearly matching the particular hue and pattern that they happen to be
displaying at the time. Brown and Thompson (1937) showed that
similar behavior as regards hue is displayed by a variety of species,
mostly of the family Cyprinidae.
It is evident that all species listed in Table I partake to some extent
of each of the four items in Table II. Other fishes, showing general
resemblances only, are defective in one or more of these items.
Of these four primary features listed in Table II, the first two
("color" and "pattern") are, in part at least, under nervous and hu-
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moral control. Such control apparently operates exclusively through
the intermediation of the eye, as is shown by the inability of a blinded
fish to assume any particular pattern or color change in reference to
that of its surroundings. Some fishes make changes with extreme
rapidity, while others take a very appreciable amount of time to effect
pronounced changes of this sort. In addition to these optically
governed changes there are slower physiological changes which involve the actual voidance, additional accumulation or modification
of the proportions of pigments, as has been shown by Odiorne (1933,
1936, 1937), Sumner and Wells (1933), Sumner (1939, 1943, 1944,
1945) and Sumner and Doudoroff (1943). In many or all of the
fishes that show reasonably rapid changes of this sort the coming of
night and the consequent failure of vision causes them to lose their
resemblances to their surroundings, but these resemblances are regained with the coming of morning light. This effect has been seen
many times in the field and in aquaria. Those species which respond
with the most speed lose their resemblances most quickly with the
coming of night, while those with more lethargic reactions generally
retain at least a vestige of the resemblances to which they had last
adjusted.
TABLE III.

ASSOCIATION OF ALLEGED PROTE=IVE RESEMBLANCES WITH VARIOUS ITEMS OF

CONDITION AND ENVIRONMENT.

FIGURES REPRESENT NUMBER OF

Genera

INVOLVED IN EACH CATEGORY

Resemblance to:

Item of Classification
Thallus
or
Leaf

Stem

Seed Pod

Total
Flower

RESEMBLANCE TO

Aquatic vegetation
8.......
8
Terrestrial vegetation. .. . . .. . . . .. . .. 4........ 2........ 2........ 1........ 9
RESEMBLANCE D,SPLAYED BY

Adults
young

7
5

-

-

2

-

2

1.

7
10

1

2
15

1.

11

FOUND IN

Fresh-water environments
Marine environments

!.
11

!.
1

-

-

2

PHENOMENON TYPICALLY NEAR
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Surface
Bottom

6
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"Form," or external morphology, is a matter of slow development
in the ontogeny of the individual. Over this the fish certainly has no
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immediate control, except in the sense that erectile spines and other
moveable parts may change the outline, a matter which is discussed
under "behavior." Depending on whether the similarity is found in
the adults or the young, form is either an ultimate development or a
transient development of the juvenile form.
"Behavior" is obviously a more immediate matter than any of the
others. Like "color" and "pattern" it is under nervous control,
which here may involve the entire locomotor apparatus. With
"form" it goes far to set the examples listed in Table I distinctly apart
from the merely general resemblances, which are so common among
fishes. Thus it appears that "color" and "pattern" (under comparatively slow nervous control), combined with the process of development (completely free of control by the individual) and the direct
behavior pattern, unite to set certain fishes or other animals apart
from some others which are not so deceptive in their resemblance to
details of their environment.
Considering these especially deceptive fishes alone, it is of some
interest to examine various features of their appearance as classified
in Table III. Obviously these data are insufficient to treat the
material in a statistical manner, but it is evident from this classification that by far the greatest number bear a resemblance to leaves or
the leaf-like thallus of an alga. This is not surprising, since these are
the very plant structures most likely to be present in quantities in
environments suitable for fishes. Furthermore, the outline of the
common lanceolate type of leaf already approximates a generalized
silhouette of a fish for very different reasons-perhaps what some would
call a "preadaptation." It is also evident that this phenomenon is
confined to shore fishes, these being the only environments in which
such leaves abound. It also appears that the resemblances divide
nearly equally between aquatic and terrestrial vegetation. That the
bulk of these resemblances should be manifest in marine fishes is
surprising. However, a possible explanation is to be found in the fact
that fragments of vegetation, if present at all, are generally so abundant in rivers and fresh-water lakes that the resemblances need be
only vague, whereas in the relatively light scattering of material in the
sea more definite resemblances are advantageous. Also, it may be
that the answer lies in the fact that marine fishes, in a broad sense,
show a greater diversity than do the fresh-water forms. Note in
Table I that all the marine forms represented are of families that have
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few or no fresh-water representatives. It is also apparent that most
of the cases occur near the water surface and that only the leaf or thallus type of resemblance is found in equal numbers at both surface and
bottom. Note also that of the nine plant genera mentioned in Table
I, only two have more than one fish genus resembling them; that these
are Rhizophora and Zostera is not surprising.
These special plant resemblances are evidently about equally
divided between adult and young fishes. Obviously only adult fishes
of a small size could be involved, since they would otherwise outgrow
the objects they resemble. Young fish which display such resemblances eventually grow to a size which places them outside the range
of the objects to which they earlier bore a similarity. As noted previously, the little Chaetodipterus quickly pass from the stage of seedpod resemblance to that of small fish which are practically identical
to the adults except in size.
Examining distribution of this type of behavior in regards to phylogeny as indicated in Table I and Fig. 3, it is apparent that such
behavior occurs in only three orders outside the Acanthopterygii
(one genus in the Holostei, four genera in the Hemibranchii, three in
the Synentognathi). Within the Acanthopterygii it occurs generically
once among the more typical Percoidei, once in the Scombroidei,
twice in the Scorpaenoidei, Plectognathi and Blennioidei, considered
in terms of family groups. In each family that shows more than one
genus, the objects to which resemblances are seen are diverse.
In considering the structural manner in which the fishes resemble
certain plant parts, it becomes evident that there is no common
thread of similarity running through the assemblage. Among the
leaf-resemblers, the long axis of the "leaf" is found to run from head
to tail in M onocirrhus, Oligoplites, Lobotes and Alutera, whereas in
Platax the long axis of the "leaf" is at right angles to the longitudinal
axis. The rest are so diverse in pattern that they cannot be compared
in this fashion, since each clearly represents a new departure. It
should be evident from the above, as well as from Fig. 3, that all
represent independent developments, mostly as terminal or near
terminal forms which have certainly come to this state through
evolutionary series that managed to conduct their manner of life
without benefit of this particular kind of development. Note in this
connection that the living relatives of all "resemblers," save in the
Hemibranchii, are not notable in resembling anything in particular
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for the most part, or in being especially obliteratively marked or
formed.
It is difficult to dismiss the works of McAtee (1932) and Robson
and Richards (1936) as lightly as does Huxley (1942). These authors
are critical of the alleged survival value of close resemblances, even
though the present data would seem to support the assumption of
such a survival value. While many others have criticized the views
of McAtee, e. g., Cott (1940) and Dobzhansky (1941), the most outstanding criticisms appear to be those given by Fisher at a meeting
of the Entomological Society of London. Of the several speakers at
this meeting, Fisher (1933), who gave a caustically critical analysis of
McAtee's methodology, presented a most impressive case. Resemblances do exist, but as yet it can be assumed only that they are of a
commonly ascribed value to the creatures so constituted. Probably
an analysis along the lines of that suggested by Pearl (1930) would be
necessary to establish or demolish such ideas, but such a program cannot be easily undertaken until someone with time, equipment and
finances can support it. In the meantime speculation must continue
to occupy much of this field.
If the views of the critics are accepted, and if it is argued that
selection is not operative since basic proof is not available, then
unfortunately there is no alternative explanation, plausible or otherwise. The preceding discussion has been given with the assumption
that there is validity to the idea that some form of natural selection
does operate in these matters. Actually, all that can be said is that
when such features of resemblance appear they do make for concealment, but that the majority of fishes manage very satisfactorily without them. It is to be noted in this connection that the fishes listed
are not conspicuously numerous in either species or individuals as
compared with such relatively non-hidden forms as some of the
herrings, serranids, cyprinids, scombrids, etc. In other words, whatever the biological significance of these resemblances, it has not led
to a great world-wide dominance of the forms developing such features.
Of course, it is possible to hide behind the statement that such a development of resemblance is of great value to the possessor, but one can
estimate the value of the several given features only when the totality
of attributes are considered. This is at once sound and peculiarly
unsatisfactory. For example, if the number of eggs produced by
these different fishes is considered, nothing definite is forthcoming,
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for while there are no accurate measurements of the numbers in many
cases, there is sufficient known about them to be able to approximate
each as to egg production with other related species not so modified.
On the other hand, the subject might be approached from the standpoint of behavior on another basis-namely that the young of Chaetodipterus are not very well streamlined, are unable to swim fast and
therefore have to escape their enemies by other means. This is
suspiciously like expecting a lift from a tug on one's boot straps. If
they were not encumbered with hypertrophied ventrals, etc., they
might move a little faster. Young centrarchids for example manage
very well although they are just about of the same body depth.
Thus an impasse is reached. Since an animal tends to use what
equipment it has, presumably by trial and error (both phylogenetically
and ontogenetically) and since this results in disaster and elimination
if the 'errors' are sufficiently grave, those animals living successfully
today apparently have established their particular behavior both
because it was useful, or at least not lethal or strongly detrimental,
and because their available mechanical means so permitted. Perhaps
it should not be surprising that so few fishes closely approach plant
structures, or anything else, in detail, and that so many have vague
resemblances which, however, effectively hide them, while again
fewer seem to depend on countershading alone. After the general
level of effective vague obliteration is reached, it is hard to imagine
why such modifications have gone further. Some peculiar habit
based elsewhere, such as lolling in the surf, might of course conceivably
invoke a new level of selection. Such a new level might, for example,
be rooted in the very good eye of a heron, for as Sumner (1945) reiterates "the cause must have had eyes." Hare (1945) in reviewing
Sumner's article would refer the matter to the realm of psychobiology.
Cott (1940) and Huxley (1942) discuss at great length the resemblances shown by various organisms to animate and inanimate objects.
As already indicated, an abundance of illustrations does not prove that
the condition has been arrived at by anyone mechanism, even if
only one can be visualized at present as-being superficially plausible.
Even Conklin (1943, 1944), a stalwart adaptationist, finds it hard to
believe that all "adaptations" can be accounted for on a basis of
natural selection, and therefore he looks hopefully toward trial and
error methods in the reactions as having something to do with adaptation in some undefined obscure manner. In this connection it is
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interesting to note that flounders, normally with a matching pattern
which changes to match the immediate environment, sometimes attain
adulthood even though they lack this very marked pigmentation and
are a plain and conspicuous white. Breder (1938 b) and Gunter (1943)
have recently noted such cases. Except for the closely matching
colors and patterns in normal flounders in relation to the bottom on
which they rest, and the speed with which they adjust themselves
appropriately, these instances probably do not differ functionally
from others showing similar lack of pigment. This also would seem to
apply to albinism, melanism and various kinds of metachromatism.
The considerable literature of these conditions gives some measure of
the extent to which such aberrantly colored fishes occur and manage
to survive to adulthood.
It might be argued that the cases discussed herein are not strikingly
abundant, and that it is just these special developments which have,
at some stage in their history, kept them from extinction. This is
like saying that under the pressure of a population-reducing predation
such variants saved the strain. This would call for a bias in a given
direction, for vague resemblances to all manner of objects which
could perhaps produce the more common "general resemblances"
would be expected. But this is hard to reconcile with the closely
drawn cases. What would initially precipitate an evolutionary process for a definite and single type of resemblance in a given species?
Hubbs (1941) discusses at length various general resemblances of
parallel and diverse kinds in a variety of situations, but unfortunately
he does not go into the question of the more exact similarities. Simpson (1944), discussing similar matters, wrote, "Some degree of mimicry
is evidently adaptively useful, but do predators really distinguish between approximate resemblance and the very exact resemblance often
involved in mimicry?"
Another approach to this problem might be made if one considers
these fishes as making the best of a bad bargain. If either gene linkage
or pleiotropism is assumed to associate an awkward shape with a
greater fecundity, for example, then a rather different point of view
may be obtained. In this connection Hubbs (1940) wrote,
Naively, some have held that the so-called non-adaptive, specific characters
may have come into expression because they are genetically associated with
an increase in fecundity. How much more objective it would be to lay stress
on the selectional advantage of the increased rate of reproduction as the
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essential change, even though it be hidden from view, and to regard the associated morphological change as a secondary consequence, which in itself
might have been of neutral or even negative significance. 7
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If it is assumed on this basis that the present close resemblances are
merely a residue of many that were not sufficiently successful to allow
the individuals to exist, the problem then becomes one of statistics.
One may ask, how many such close resemblances have appeared in the
entire evolution of fishes? Are these the dying gasps (in an evolutionary sense) of species far off a successful track? In this connection
Sumner (1942) said:
For we may, on the other hand, conceive of natural selection as acting
continuously throughout the evolutionary process and accumulating small
variations in the direction of fitness; or we may conceive of it merely as setting
its stamp of approval upon the finished product. In the latter case, the
role of natural selection is greatly restricted, and we must look elsewhere for
the origin of adaptations.
The lengthy discussions of Mayr (1942) and Huxley (1942) on the
significance of the apparently selective value of characters of many
kinds in relation to the genetic constitution are suggestive in this connection. The remarks of Lutz (1924) on certain aspects of insect
variation in structure and function certainly bears on any such discussion and should be consulted. Critical study of cases of the present
sort should be helpful, but the accumulation of many more facts on the
occurrence of these close resemblances, on the behavior of their possessors and on the success of predators in circumventing this type of
hiding is badly needed.
A possible means of critical evaluation of the survival value of
special resemblance arises in connection with the relation between the
range of a given species as compared with the special environments
which make possible the obliterative resemblances that have been
under discussion. It would appear that only two possibilities are
present. 1. The species are limited to the ecological niches that provide the "stage" for making the disappearing act possible. 2. The
species are not limited to such environments and the phenomena occur
through only part of the range.
Of course, in the first group it is understood that migrations or other
wanderings from the environmental setting would be permitted at
7 This thought has been brought up frequently in various guises, and, as Sumner
(1942) indicates, it is to be found in Darwin's Origin of Species.

timl
~hel

opm
ea..~

to a
radi!
con~

tDe,
item
In~

fish

yn!
largl
was
reEfI

buti
plan
res!C

ShOl

are
,rna

rI'
Ina
inco
lOCO

blan

onlj
that
pria
~

01,
pen
"IU,
aC(

perl
peri

en\,

SUe!

1946]

ctt

itU"

~~t:'

Breder: Analys1's of the Deceptive Resemblances of Fishes

39

times when the species are in certain stages of development when they
may not show the "resemblance." Although we know of no cases
where such phenomena are known to be persistent throughout development, such wanderings off the stage should be expected. In most
cases it would be impossible for any fish to show a marked resemblance
to a single object throughout its life, since a fish generally changes
radically in size and usually in general appearance as well, a necessary
concomitant of growth. It is of interest in this connection that in
the various species listed in Table I, none shows a resemblance to one
item at one stage and to another at a later stage, so far as known.
In all cases evidently one such "resemblance" suffices, either when the
fish are young or adult. The periods of special resemblance of the
Syngnathidae, Doratonotus, and Monocirrhus may represent a very
large part of the life history. In these instances it is the adult which
was described as resembling plants, and it is not certain that such
resemblances as exist in the young forms could confer any benefit,
but it would seem that they might. Young Syngnathidae are generally
planktonic, and it is far from certain at just what time they take up
residence in a resembling environment and at what size and age they
should be classified as in Table 1. The young stages of Doratonotus
are not known, but they probably resemble the adults and thus a
smaller bit of green Ulva. Quite small Monocirrhus in an aquarium
closely resemble their parents and act in an essentially similar manner.
In a state of nature it is not recorded whether these small sizes are as
inconspicuous as the adults. However, it would seem that whatever
inconspicuousness they do have would result from a general resemblance to the background, since it is extremely unlikely that leaves of
only a few millimeters would have the same form as the young fish or
that these leaves would be shed in significant quantities at the appropriate time (p. 8).
In the second group of possibilities it is known that at least a number
of species occur at the "resembling" sizes in regions which do not
permit the appearance of the observed phenomenon. The question
which arises here is whether such species are kept from extinction by
a constant migration of individuals from areas where this resembling
performance is possible (those in other situations being considered as
peripheral wastage), or whether those fishes outside the resembled
environment are specifically successful, so that the protective value of
such resemblance is unnecessary and truly accidental. Obviously
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these two opposed propositions are the extremes and any intermediate
phase might actually obtain.
Admittedly our data are still too meager to carry this thought very
far, but if we consider only those forms about which we have some
evidence, then it is possible to indicate at least some paths of research
that should be fruitful. Considered species by species, we have the
following data as a starting point.
The "stick-fish" stage of Lepisosteus evidently becomes apparent as
a mimic where there is appropriate material and so impresses an
observer, whereas in a region where there is no material of a suitable
kind a different observer has no thought of such a possibility (p. 3).
The form is obviously highly successful in both types of environment.
A detailed study of a possible differential adjustment of behavior of
Lepisosteus in this stage in both the Michigan lakes and the Florida
Everglades should be illuminating.
The young "stick-fish" stage of Tylosurus raphidoma is very abundant about the Dry Tortugas where there is an abundance of "sticks."
On the other hand, T. raphidoma is much less abundant on the Florida
west coast where such debris is not as common or as similar. The
young fishes are reported from many places and it is certain that they
wander or drift far from their center of abundance, even as far as New
York harbor (Breder, 1938a). How much of this distribution should
be considered "peripheral loss" cannot be determined at this time.
The resemblance of one and possibly two species of Cypselurus to
Barringtonia flowers in the Pacific Ocean would seem to be a very
special case, ince Cypselurus is a widespread genus and obviously
occurs in places where there are no Barringtonia. Thus Caribbean
species, very close in appearance to Pacific species, evidently bear a
"resemblance" to an item which does not exist in their particular
environment.
The family Syngnathidae appears to be rather closely associated
with algae and weed to which they bear a greater or lesser degree of
resemblance. This particular "resemblance" may be more definitely
associated with other factors such as habit and absolute size (see
BredeI' and Edgerton, 1942). It is noteworthy that Syngnathus
fuscus Storer, which inhabited the Zostera of New York harbor before
that weed suddenly disappeared some years ago, showed no evident
decrease in numbers after its disappearance; they could be taken
throughout this period of complete absence of the plant, on clean,
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sandy bottoms where the weed had formerly grown. While there is
no statistical measure of its relative abundance in relation to the
presence or absence of the weed, the species still exists' in what is
apparently normal quantities.
Oligoplites breeds in places where no mangrove or other plant sheds
lanceolate leaves in the sea. The ready change of habit and color of
this fish (p. 7) raises the question of whether or not these fishes
assume the color and stance of dead leaves only in the presence of the
latter. More basic evidence on this problem would be of considerable
significance in connection with the role of behavior in such matters.
Lobotes shows its so-called "leaf-like behavior" long after it is bigger
than any leaf that is commonly found drifting in the sea. In this
case the causes of such behavior may be rooted elsewhere in the
economy of the species.
M onocirrhus and Doratonotus have already been discussed. Perhaps the former is comparable to Lobotes in a sense, although it grows
into the appropriate size instead of out of it. Regarding Doratonotus
we have too little data for discussion.
The behavior of young Chaetodipterus, as fully set forth herein,
changes with confinement; Burkenroad, in a personal communication
referred to previously, has described very different behavior in a
region not having mangrove trees. Thus this peculiar behavior may
be associated only with the presence of mangrove buds. Note
especially that these young fish, on the Florida west coast at least,
attack each other rather than "school," a behavior which may serve to
space them nicely in a scattered field of mangrove buds and snails.
Platax is insufficiently described to discuss, but may well engage in a
behavior similar to that of Chaetodipterus or Oligoplites.
The young of Cyclopterus appear to huddle close to any object; it
shows color-matching abilities in the western Atlantic, but on the
European side it closely matches a definite object not only as to color
but also as to form.
The peculiar attitude of Alutera appears to be of deceptive value
only at a certain size and in certain places. This behavior may be
essentially similar to that of Lobotes. It would be interesting to know
if the young stand on their heads for longer periods of time or more
frequently than the adults in the presence of suitable weed, or if they
tend to remain longer in weed than over bare bottom.
H eterostichus could at least spend its entire life amid M acrocystis.
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It would be worth while to find out if it does and if there is a sorting
out of sizes of fish and sizes of thalli.
From the foregoing paragraphs it should be evident tha t much
analytical field work must be undertaken to understand even gross
features of special resemblance before much can be gleaned concerning
the 1'0 Ie of behavior in such matters.
Far too little is known at present about the extent of the geographical
range useful to the continued maintenance of most of these fishes to
permit an extended analysis of the environment with regard to presences or absences. It may be pointed out that many fishes do change
to a color closely matching their immediate or particular environment;
such instances have been omitted from the present list. In lower
New York harbor in late summer, when small specimens of Tautogo
onitis (Linnaeus), Monacanthus hispidus (Linnaeus) and Lactophrys
trigonus (Linnaeus) are fairly common, the author has often observed
that those seined amid sheets of Ulva are of a uniform, closely-matching
bright green, a fact which makes sorting them out of a catch a timeconsuming task. On the other hand, those taken elsewhere are always
colored with various shades and mottlings of browns and greys.
Perhaps this might be similar to the conditions found in the corixids.
The work of Sumner (1935) on Gambusia would seem to be applicable
here. Chaetodipterus young are found in regions remote from mangroves, and perhaps they behave differently under such conditions.
As with Oligoplites, this is discussed in another connection (p. 7).
We do not know enough about other fishes to warrant any discussion
at this time, but the situation clearly points to the desirability of
obtaining more extensive information on this aspect of the problem.
The role of behavior in connection with these phenomena is in need
of further study also. Clarification of this problem in part awaits
more data and analyses of the social attitudes of fishes generally.
Since fishes may seek a solitary existence, or exist in aggregations or
schools, their behavior in this regard is inextricably involved in their
tendencies to seek particular visual patterns. The difference in the
type of object sought and approached by young Tylosurus raphidoma
and Strongylura notata has already been noted, and this may be the
foundation responsible for the differences in their juvenile behavior
patterns. Cypselurus, at a size when it resembles Barringtonia, is not
a closely aggregating form although it is when adult; it presents a
different type of resemblance relationship from that of Tylosurus.
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Tylosurus actually nestles up to an object which resembles itself and
which is numerous but scattered, Cypselurus does not nestle up to
anything, but resembles an object also numerous and scattered and
merely present in the same general area.
From this discussion it should be obvious that for any serious
analysis of the problems arising from such close resemblances considerable data on at least the following items should be obtained
before it would be possible to hazard even a rough estimate of the
likelihood of such features being of utility to the species in question.
1. Compare the range and time limits of the special environment
in which such deceptive resemblance is possible with the total range
and time limits of the species at the ontogenetic stage in which the
resemblance occurs.
2. Determine the behavior of the species both in the presence and
absence of the pertinent environmental items as to color change and
pattern and as to attitudes and motion.
3. Determine the range and actual physical presence of predators
as compared with the environment and the total range as outlined
under item 1.
4. Determine if the population is based largely on production
limited to the areas permitting deceptive resemblances or if there is a
significant production out of it.
Since the deceptive nature of these resemblances is admitted and
since laboratory experiments have shown that various captive, but
more or less normal predators may be deceived [e. g" Sumner (1935),
Popham (1942, 1944)], field work somewhat of the nature above
outlined is evidently in order. While such a program calls for considerable work it is clear that none of the items is impossible to determine. The thorough study of one or two such cases should go far
toward clarifying the entire question.
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SUMMARY
1. Seventeen genera of fishes have been described as bearing a close
resemblance to various parts of plants. All but two of these are from
the marine littoral zone.
2. In all but three orders, acanthopterygians are involved; these
developments are clearly independent in each case.
3. Seven genera show resemblances to plant parts as adults, these
adults necessarily being permanently small, while another 10 display
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them as young, these abandoning the similarities on outgrowing the
size of the objects.
4. Eleven genera show resemblances to floating objects, while only
six show them to attached growths. Nine genera resemble terrestrial
plant parts which regularly fall in the water and eight genera resemble
aquatic vegetation.
5. The special resemblance of the young of Chaetodipterus faber
(Broussonet) of a certain size to the infertile seed pods of the red mangrove, Rhizophora mangle, which are found in the sea at the time when
these fish are in this deceptive state, is described. The association of
young Chaetodipterus, the mangrove buds and snails (Cerithium), all
of about the same size and all dull black as seen against a background of light sand, causes considerable confusion to the human
observer.
6. Three cases of non-venomous fishes allegedly mimicking poisonous fishes or sea snakes are cited.
7. The current usage of the word "adaptation," as well as its meaning and significance in connection with matters considered in this
present paper, is discussed.
8. The alleged survival value of the special resemblances of fishes
to plant parts is considered, and suggestions are made for critical
studies of the biological significance of such resemblances.
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